The expression of specific growth factors such as vascular endothelial growth factor (VEGF) and transforming growth factor-␤1 (TGF-␤1) is of importance during brain development and in the pathogenesis of neurodegenerative disorders. VEGF and TGF-␤1 was studied in the cerebrospinal fluid (CSF) of neonates with posthemorrhagic hydrocephalus (PHHC) and nonhemorrhagic hydrocephalus. For determining the interference of inflammatory cytokine interaction with the expression of VEGF and TGF-␤1, IL-6 and IL-10 CSF concentrations were measured. Eighteen neonates who had PHHC and underwent serial reservoir puncture and nine neonates who had congenital nonhemorrhagic hydrocephalus (CHC) and underwent first shunt surgery were included in the study. CSF samples of 11 neonates with lumbar puncture for the exclusion of meningitis served as control subjects. VEGF, TGF-␤1, IL-6, and IL-10 concentrations in the CSF were measured by ELISA technique. VEGF concentrations in the CSF of patients with PHHC were significantly higher (median: 377 pg/mL; range: 101-1301 pg/mL) when compared with patients with CHC (median: 66 pg/mL; range: 3-1991; p Ͻ 0.001) and control subjects (median: 2 pg/mL; range: 0 -12 pg/mL; p Ͻ 0.0001). TGF-␤1 CSF concentrations did not differ from control infants in all groups. Median IL-6 and IL-10 concentrations in the CSF were found to be low in all patient groups. Increased release of VEGF in the CSF of neonates with PHHC and nonhemorrhagic hydrocephalus may serve as an indicator of brain injury from progressive ventricular dilation. TGF-␤1 CSF concentrations are not elevated in the phase of acute fibroproliferative reactions in patients with PHHC. The expression of specific growth factors such as vascular endothelial growth factor (VEGF) and transforming growth factor-␤1 (TGF-␤1) plays a pivotal role during a variety of normal or pathologic processes, including tissue repair (1,2), embryonic development (3), and tumor genesis (4) . VEGF is expressed from endothelial cells. It increases peripheral oxygen delivery by promoting angiogenesis, involving endothelial cell migration, proliferation, and differentiation, as well as proteolysis of extracellular matrix (4, 5) . Expression of VEGF after acute hypoxia is highly sensitive (6) . TGF-␤1 is expressed from endothelial, hematopoietic, and connective tissue cells (7, 8) . It plays an important role in the regulation of tissue proliferation, embryonic development, wound healing, and angiogenesis (1, 2) . Mutations of the TGF␤ gene family result in disturbed intracellular signaling associated with diseases such as cancer and hereditary hemorrhagic telangiectasis (7) .
An imbalance of tissue repair and fibroproliferatory reactions characterizes the neuropathology of posthemorrhagic hydrocephalus (PHHC) after severe intraventricular hemorrhage (IVH) in preterm infants. The development of arachnoidal fibrosis ultimately causes cerebrospinal fluid (CSF) malabsorption (9,10) and thereby increased intracranial pressure (ICP) (11) . The activation of extracellular matrix protein biosynthesis, measured as the persisting elevation of the propeptides of type I and III procollagen, was found in the CSF of patients who ultimately developed PHHC 3-4 wk after IVH (12, 13) . CSF concentrations of proinflammatory IL-6 and antiinflammatory IL-10 were measured to illustrate a possible interference of inflammatory cytokine interaction with the expression of VEGF and TGF-␤1. Sonographic cystic white matter disease (c-WMD) was defined as a secondary outcome parameter to correlate the expression of VEGF and TGF-␤1, with gross white matter damage (11, 14) and reorganization after severe brain injury.
The aim of this study was to investigate the expression of VEGF and TGF-␤1 in the CSF of premature infants with PHHC and in neonates with nonhemorrhagic hydrocephalus. Infants without neurologic disease or signs of increased intracranial pressure served as control subjects. We hypothesized that the expression of VEGF and TGF-␤1 in the CSF in patients with PHHC may correlate with the enhanced tissue repair and fibroproliferatory reactions. To analyze the confounding effect of elevated ICP on growth factor expression, age-matched groups of neonates with nonhemorrhagic congenital hydrocephalus and neonates with exclusion of neurologic morbidity were included in the study.
METHODS
Patient selection. CSF was obtained prospectively from three groups of newborn infants who were admitted to the three study centers between March 1999 and October 2001. Group A consisted of premature infants Ͻ32 wk gestational age with PHHC. Group B consisted of newborn infants with congenital nonhemorrhagic hydrocephalus. Group C consisted of newborn infants who underwent lumbar puncture for sepsis workup (Table 1) .
Group A: premature infants with progressive PHHC. Thirty-five ventricular CSF samples were obtained from 18 premature infants who were admitted for surgical treatment of PHHC after severe IVH. The median birth weight was 676 g, and the median gestational age at birth was 25 Nine of the 18 patients had signs of gross c-WMD on ultrasound at day 28 postnatal age ( Table 2 ). WMD was defined as single or multiple cystic periventricular leukomalacia or gross cystic white matter defect after hemorrhagic infarction of the periventricular white matter (14) . In all patients, ventricular dilation and increased ICP were present as confirmed by physical examination and ultrasound.
CSF drainage by surgical ventriculostomy and implantation of a ventriculostomy catheter reservoir was performed after a median of 27 d (range: 14 -75) after IVH ( Table 3 ). The intervention was performed when at least one of the following criteria was met: 1) signs of IVH and progressive ventricular dilation identified by ultrasound (ventricular width Ͼ97% percentile) (15) and progressive enlargement of head circumference (Ͼ2 cm/wk, daily measurement), 2) bulging fontanel with widening of the sagittal suture, and 3) clinical signs of increased ICP (seizures, apnea-bradycardia, and hypoventilation) (11, 16) .
The ventriculostomy catheter reservoirs were subsequently tapped two to three times a day using a sterile technique and a 27-G butterfly needle. CSF was withdrawn over a period of 2-5 min. The CSF volume taken was estimated by ultrasound, ICP measurement, or clinical evaluation (16) . All patients required shunt surgery for symptomatic PHHC.
Two CSF samples were taken from each patient for analysis. The first study sample was taken after the implantation of a Rickham reservoir system, depending on clinical criteria of elevated ICP with therapeutic intention. The second study sample was taken at the time of permanent shunt placement (median: 62 d postnatal age; range: 40 -120) when CSF protein content was Ͻ200 mg/dL (median; Table 3 ).
Fourteen ICP measurements could be obtained from six infants of group A during CSF reservoir puncture. ICP was measured in cm H 2 O [normal: 40 -50 cm H 2 O; (11)] via a tube connected to the butterfly puncture needle before and after Table 1 . Clinical data of the study population Study population divided into three groups. Group A, neonates with PHHC (n ϭ 18); group B, neonates with congenital nonhemorrhagic hydrocephalus (n ϭ 9); group C, neonates; CSF taken at sepsis workup for exclusion of meningitis (n ϭ 11).
* Values are median and range. † p ϭ 0.0001 group A vs groups B/C. ‡ p ϭ NS group B vs group C.
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tapping. In the remaining infants, this procedure was impossible to perform during s.c. reservoir puncture as infants were not sedated. Spontaneous movements and crying may cause incorrect results. In addition, protein clotting can obstruct the manometry device (11) . Group B: newborn infants with congenital nonhemorrhagic hydrocephalus. Ventricular CSF samples were collected from nine patients (median birth weight: 2750 g; gestational age at birth: 34 wk ϩ 3 d) at the time of first shunt implantation (median: 5 d postnatal age; range: 1-45). Patients had hydrocephalus associated with Arnold Chiari II malformation (n ϭ 1), aqueduct stenosis (n ϭ 2), giant interhemispheric cyst hydrocephalus (n ϭ 2), and congenital nonhemorrhagic hydrocephalus of unknown origin (n ϭ 4). Hydrocephalus and increased ICP were confirmed by clinical criteria and ventricular enlargement on ultrasound in all patients.
Group C: newborn infants who underwent lumbar puncture for sepsis workup. Lumbar CSF samples were collected from 11 neonates (median birth weight: 2230 g; gestational age at birth: 33 wk ϩ 4 d) for the exclusion of meningitis. None of the infants showed neurologic deficit on clinical examination. CSF leukocyte counts, total protein content, and bacterial cultures were obtained and remained within normal range. CSF was immediately centrifuged and stored at Ϫ40°C until further analysis.
The study design strictly followed the approval of the ethical committee of the University of Bonn (no. 116/02). The study design included the analysis of anonymous excess material. All samples were stripped of identifiers before analysis. In accordance with the ethical guidelines, no parental consent was required.
VEGF, TGF-␤1, IL-6, and IL-10 assays. VEGF and TGF-␤1 concentrations were determined using a commercially available sandwich ELISA (R&D Systems, Wiesbaden, Germany) according to the manufacturer's instructions. The sensitivity of the assay was 5 pg/mL. The intra-assay coefficient of variation was 5.1% (mean: 225 pg/mL, n ϭ 20); the interassay coefficient of variation was 6.2% (mean: 255 pg/mL, n ϭ 20). VEGF and TGF-␤1 assays were carried out in duplicate.
IL-6 and IL-10 were measured with a commercially available solid-phase enzyme-labeled chemiluminescent sequential immunometric assay on an Immulite analyzer (DPC Biermann, Bad Naunheim, Germany). The sensitivity of the assays were 2 pg/mL for IL-6 and 1 pg/mL for IL-10. The intra-assay coefficients of variation were 3.5% (mean: 88 pg/mL, n ϭ 40) for IL-6 and 2.9% (mean: 18 pg/mL, n ϭ 40) for IL-10. The interassay coefficients of variation were 5.1% (mean: 112 pg/mL, n ϭ 40) for IL-6 and 4.8% (mean: 46 pg/mL, n ϭ 40) for IL-10.
Total CSF protein concentrations were determined using a commercially available on a Dimension RxL analyser (Dade Behring, Schwalbach, Germany). In the reaction sequence, pyrogallol red combines with sodium molybdate to form a red complex with maximum absorbance at 470 nm. The protein in the sample reacts with this complex in acid solution, which absorbs at 600 nm. The absorbance at 600 nm is directly proportional to the concentration of protein in the sample. The sensitivity of the method was 20 mg/L. The intra-assay coefficient of variation was 0.6% (mean: 204 mg/L, n ϭ 20); the interassay coefficient of variation was 1.51% (mean: 209 mg/L, n ϭ 20).
Data analysis. For statistical analysis, the Mann-Whitney U test was used with two-sided p values to compare continuous nonparametric groups of values, as the distribution of values was non-Gaussian (Tables 1 and 4 , Figs. 1 and 2) . Comparison between proportions (CSF sample 1 versus CSF sample 2 in the PHHC group) were performed with the Wilcoxon test. Logistic regression models were used to investigate the regres- Study population divided into four groups. Group A sample 1, neonates with PHHC, sample at ventriculostomy (n ϭ 18); group A sample 2, neonates with PHHC, sample at definite shunt placement; group B, neonates with congenital nonhemorrhagic hydrocephalus (n ϭ 9); group C, neonates, CSF taken at sepsis workup for exclusion of meningitis (n ϭ 11). Values are median and range.
* Number of analyzed probes for IL-6 and IL-10. 
RESULTS
VEGF concentrations of patients with PHHC (sample 1: median 377 pg/mL, range 101-1301 pg/mL; sample 2: median 191 pg/mL, range 5-655 pg/mL) were significantly elevated (sample 1: p Ͻ 0.04; sample 2: p Ͻ 0.001) compared with those of patients with congenital nonhemorrhagic hydrocephalus (median: 66 pg/mL; range: 3-1991 pg/mL). VEGF concentrations in the CSF of patients with PHHC were significantly higher compared with controls (median: 2 pg/mL; range: 0 -12 pg/mL; sample 1: p Ͻ 0.0001; sample 2: p Ͻ 0.0001). VEGF concentrations in patients with nonhemorrhagic hydrocephalus were significantly elevated compared with control subjects (p Ͻ 0.0001; Fig. 1 ). TGF-␤1 concentrations in the CSF were a median of at least 140-fold increased above the detection limit in all samples but without significant difference in all study groups (Fig. 2) .
CSF IL-6 concentrations all were above the detection limit in the study group. No significant differences within the study groups were found (Table 4) . IL-10 CSF concentrations were significantly elevated in sample 1 of patients with PHHC compared with sample 2 (p Ͻ 0.034) and compared with patients with nonhemorrhagic hydrocephalus (p Ͻ 0.046). A limited number of samples from group C could be analyzed for IL-6 and IL-10 CSF concentrations (Table 4) . Therefore, no statistics were performed on IL-6 and IL-10 of group C compared with the other groups.
Total protein concentrations were found to be within the normal range for nonhemorrhagic hydrocephalus patients and for control subjects (Table 4) . Total protein was significantly elevated in PHHC samples compared with controls (p Ͻ 0.002 and p Ͻ 0.025, sample 1 and sample 2; Table 4 ).
To investigate the relationships between the occurrence of WMD and the VEGF and TGF-␤1 CSF concentrations in the patients with PHHC, we used Wilcoxon test and logistic regression models. No significant correlation between VEGF CSF concentrations and the occurrence of WMD were observed within the group of patients with PHHC (Fig. 3) . Wilcoxon test showed no significant differences for TGF-␤1 CSF concentrations within sample 1 and sample 2 of patients with PHHC (p ϭ 0.13). The quotient sample 1/sample 2 was used in the regression models. The logistic regression model showed a correlation between persisting high TGF-␤1 values and the occurrence of WMD (p ϭ 0.047; odds ratio: 0.35; regression coefficient: Ϫ1.06; Fig. 4) .
DISCUSSION
A complex, balanced intracellular interaction through cellular secretion of different growth factors and specific cellsurface receptor activity is obligatory to maintain homeostasis in human tissue (7) . VEGF and TGF-␤1 are members of the polypeptide growth factor family that mediate angiogenesis (7, 17) and regulate proliferation and differentiation (7) of cells. We studied VEGF, TGF-␤1, IL-6, and IL-10 concentrations in the CSF of premature infants to investigate the expression of growth factors in the situation of a potential imbalance in tissue repair leading to arachnoid fibrosis, CSF malabsorption, and increased ICP, correlating with manifestation of PHHC. Several experimental and clinical studies have indicated a role for specific growth factors mediating the course of neurodegenerative diseases such as subarachnoid hemorrhage (18, 19) , ischemic encephalopathy (20) , stroke (21) , multiple sclerosis (1), and Alzheimer's disease (22, 23) .
In a rat retina model of proliferative neovascularization, VEGF expression increases within 6 -12 h after ischemia and remains elevated until neovascularization takes place (4, 6) . In a retinal ganglion cell model of the rat, VEGF expression promotes neuronal regrowth and seems to have neuroprotective properties (24) . Data from adult patients with acute stroke demonstrate a correlation between degree of stroke and expression of serum VEGF (21) .
VEGF plays an important role during human brain development: immunohistochemistry revealed VEGF expression in the endothelial cells of cortex, leptomeninges, and subependymal layer (3), and expression was increased during brain maturation. In brains with signs of periventricular leukomalacia, VEGF was expressed in both astrocytes and endothelial cells that composed neovascularization around foci of necrosis (3). Chronically elevated ICP of patients with hydrocephalus may be related to chronic hypoxia. Elevated concentrations of VEGF were found in the CSF of pediatric patients with congenital hydrocephalus and posthemorrhagic hydrocephalus (25) . This study was the first to indicate a coincidence of CSF infection and high expression of VEGF.
Our results demonstrate elevated VEGF CSF concentrations in both groups of patients with increased ICP (group A and group B) compared with VEGF CSF concentrations in patients with normal ICP (group C). These findings support the assumption of a correlation between increased intracranial pressure associated with chronic tissue hypoxia and VEGF expression in neonatal hydrocephalus. VEGF values were significantly higher in the PHHC group in comparison with congenital hydrocephalus, possibly indicating involvement in tissue repair and neovascularization after severe IVH in patients with PHHC.
Elevated VEGF concentrations 3-5 wk after brain injury were not coincident with gross white matter damage. When stratifying the PHHC samples to correlate VEGF concentrations and the occurrence of c-WMD, no differences were found between groups. The different extent of WMD (Table 2 ) and the variety of pathophysiologic mechanisms leading to these lesions makes the interpretation of the results difficult. Thus, a larger cohort study is needed.
In a study of patients with acute stroke, serum VEGF expression measurement correlated with infarct volume with a maximum peak at 1 wk after the insult (21) . Assuming a comparability in the pathogenesis of WMD after stroke in adult and neonatal WMD (26) and despite the different VEGF source (serum versus CSF), the difference in the results may be explained by a better correlation of early enhanced VEGF expression after hypoxic insult with the extent of parenchymal lesions.
TGF-␤1 is a member of the polypeptide growth factor family. The role of TGF-␤1 in neurodevelopment and neuroregeneration was demonstrated in animal models and in human disease. After intraventricular administration of TGF-␤1 in a 772 mouse model, histopathology demonstrates meningeal changes with increased cellularity and arachnoid fibrosis leading to narrowing of the intrameningeal space and decreased CSF flow dynamics (27, 28) . Increased TGF-␤1 concentrations in the CSF of patients with chronic inflammatory encephalitis, amyotrophic lateral sclerosis (29) , and multiple sclerosis (30) correlate with duration and severity of chronic inflammatory disease. In addition, it is assumed that TGF-␤1 is involved in neuroprotection by inhibition of apoptosis (31, 32) .
One previous report described TGF-␤1 release in the CSF of premature infants with PHHC (33) . In this study, different therapeutic interventions were applied to prevent PHHC. The difference in the control group as well as at least the small number of included patients makes it difficult to compare results.
In our study population, TGF-␤1 CSF concentrations did not differ within the groups. However, analysis within subgroups of PHHC patients with or without c-WMD revealed a significant difference. TGF␤-1 concentrations in the CSF of patients with PHHC and c-WMD (sample 1/sample 2) remained in the same range, whereas the difference in TGF-␤1 CSF concentrations (sample 1/sample 2) was larger in patients without c-WMD (Fig. 4) . This finding is in agreement with other observations assuming extended TGF-␤1 expression in tissue repair after brain injury (18, 34) .
IL-6 and IL-10 act in the inflammatory cascade of infectious and inflammatory disease of the nervous system. The induction of proinflammatory cytokine release in the brain after endotoxin (LPS) stimulation was demonstrated in vitro (35) as well as in the rat model (36, 37) . Enhanced expression of IL-6 mRNA after hypoxia-ischemia in the animal model (38) and in the cerebral endothelium cell model (39) demonstrates its important role in the pathogenesis of the inflammatory cascade. Proinflammatory cytokine release has been reported in the newborn brain after asphyxia (40) and in ventriculitis in the premature infants (41, 42) . In an experimental rat model of ICH, IL-6 up-regulation peaked 12 h after ICH and was related to glial activation (43) . Early increase of IL-6 and IL-10 CSF concentrations after ICH (44) or severe traumatic brain injury (34, 45, 46) indicate its important role in mediating inflammatory response. In our study population, IL-6 and IL-10 concentrations in the CSF were found to be in a low range in all patient groups. The significant difference between the IL-10 concentrations of the early PPHC sample versus the late sample/nonhemorrhagic hydrocephalus possibly indicates that anti-inflammatory responses can be observed early after the IVH.
The present study demonstrates VEGF up-regulation in the CSF of premature infants with PHHC. The release of the proinflammatory cytokine IL-6 does not interfere in VEGF expression in patients who develop PHHC at 3-6 wk after severe IVH. The significant elevation of VEGF in the CSF and persisting high TGF-␤1 expression during the development of c-WMD may be of prognostic value to indicate severity of the brain damage after IVH in premature infants.
